Abstract: A study of the species composition of mayfly communities in connection with environmental parameters was made in headwater streams of the Pieniny Mts. The rhithral zone is inhabited maximally by 19 mayfly species. In most of the streams studied the mayfly communities were found to be similar, however the vertical zonation which reflected human impact was visible (NMDS analysis). The main factors responsible for mayfly communities at all the sites studied were stream regulation and organic pollution, followed by type of bottom substrate (pebble and gravel), riparian vegetation (shrubs), pH and water temperature. At undisturbed sites the most important factors were pH, substrate type, distance from the source, current velocity and riparian vegetation (CCA analysis). Analysis of mayfly communities and environmental characteristics in different seasons showed that occurrence of mayfly species varied substantially depending on the season. Only in early spring and autumn do mayfly communities occur which are dependent on many environmental factors, the most significant of which are substrate type, phosphate, distance from source and altitude (CCA analysis).
Introduction
Mayflies (Ephemeroptera), which are one of the main groups of freshwater macroinvertebrates, are present in almost all types of running waters. Due to longitudinal zonation of streams, macroinvertebrate communities, their structure and functional feeding group change with the progression from springs to streams and rivers (Vannote et al. 1980; Minshall et al. 1985) . The longitudinal distribution of macroinvertebrates is determined by many of environmental parameters on the longitudinal gradient. The main abiotic factors are altitude (Finn & Poff 2005) , slope (Breitenmoser-Würsten & Sartori 1995) , stream size (Heino et al. 2005) , development of riparian zone and its vegetation (Roth et al. 1996; Townsend et al. 2003) , current velocity (Burian 1997) , substrate type and size (Hawkins et al. 1982) , water chemistry and nutrient concentration (Krno et al. 2007 ) and water temperature (Ward 1992) .
Apart from natural factors, human impact also plays a significant role. Many streams are threatened by organic pollution (Zamora-Muńoz et al. 1993) . Stream regulation causes numerous changes, mainly in flow regulation (Bunn & Arthington 2002) and channel and bank degradation (Lenzi & Comiti 2003) . These factors are responsible for negative influence on species diversity and domination of generalist species in the communities.
The river continuum concept and longitudinal distribution of freshwater macroinvertebrate communities are not always and only locally confirmed in freshwater ecosystems (Lorenz et al. 2004) , particularly in highmountain streams (Krno et al. 2006) . Local environmental conditions (local and regional characteristics) seem to be very important for macroinvertebrate assemblages on a regional scale, in particular catchment areas (Death & Joy 2004; Krno et al. 2007 ). Geographical location also influences invertebrate communities (Townsend et al. 2003) , particularly in terms of geology and geomorphology (Johnson & Gage 1997; Hieber et al. 2005) .
All of the streams studied belong to Pieniny National Park, a protected area. Streams in the Pieniny Mts are largely natural, but some have been subject to human impact. Mayfly communities in this region had not previously been researched (K lonowska-Olejnik 2000) . Due to the distinctive abiotic conditions in this area (short, shaded streams with low water temperature), distinctive mayfly assemblages may also be expected.
Investigation of the natural or semi-natural macroinvertebrate communities of the streams in this area is essential for characteristic these communities and their longitudinal gradient. Furthermore, it has practical applications for understanding reference conditions for biomonitoring. Determination of the environmental parameters influencing mayfly community composition makes it possible to predict the composition of, and changes in, communities of particular streams. The distinctive local conditions determining mayfly communic 2014 Institute of Zoology, Slovak Academy of Sciences ties are very often overlooked, and their lack of diversity is mistakenly interpreted as disturbances caused by anthropogenic factors. Understanding mayfly community structure is therefore important for bioassessment and conservation.
The aims of the study were as follows: (1) To describe the mayfly communities of headwater streams in the Pieniny Mts and to examine the variation between them; (2) To identify the abiotic parameters that best define the composition of mayfly communities; (3) To determine in which way mayfly communities are subject to seasonal changes.
Material and methods

Study area
The study area was in the Pieniny Mts in southern Poland, which are composed mainly of soft limestone, chalk marl and Jurassic limestone. Thirty sampling sites were selected along 6 streams -all of the major streams of Pieniny National Park, a protected area in the Pieniny Mts. All sites were in headwater streams, first to fourth order, crenal and rithral, at elevations between 750 m a.s.l. and 440 m a.s.l. Their distribution is shown in Fig. 1 . Most of the sampling sites were natural or semi-natural, with minimal human impact. Some of the sites were in streams with anthropogenic disturbance: organic pollution, stream regu- lation and channel degradation resulting from forest land use.
Sampling
Mayfly larvae were sampled using a Surber sampler (frame size: 0.25 m × 0.25 m, mesh size 300 µm). Benthic samples were collected using the kick-method. Each sample was taken of all microhabitat and substrate types within a 10 m reach of stream at each site. The sites were sampled 4 times (early spring, late spring, summer and autumn), in 2008 and 2009. Five samples of benthic macroinvertebrates were taken each time at each site. Samples were preserved in the field with 4% formaldehyde and taken to a laboratory, where the material was sorted and preserved in 75% ethyl alcohol. All mayfly larvae were counted and identified to the lowest possible taxonomic level (species or genus). Most of the material was identified to species, but early instar larvae were identified to the genus level. Mayfly larvae abundance was calculated as individuals per m 2 . Each sampling site was characterized using 19 environmental variables (see Table 1 ). Some environmental characteristics were determined from topographic maps (1:10 000) (altitude, distance from source, slope). Stream width and mean water depth were calculated based on three measurements at each site. Water velocity was determined by moving a bobber over a distance of 10 m (3 times) (Gordon et al. 1994) . Substrate composition was determined as the percentage of each fraction at each sampling site. Substratum particle sizes were determined using Wolman's granulometry standard method (Wolman 1954) . Organic detritus was estimated as a percentage of the bottom coverage at each sampling site. Riparian vegetation on the bank was estimated visually as percentages of trees (2-10 m), shrubs (0.5-2 m) and herbs (0.1-0.5 m) in the immediate vicinity of the stream. Channelization and channel degradation resulting from forest land use were visually estimated at each site. A detailed description of the environmental characteristics of the sampling sites is given in Table 1 . On each sampling date we also recorded physical and chemical water characteristics. Some water parameters (temperature, conductivity, pH, dissolved oxygen) were measured in the field using a Hanna HI991300 pH/EC/TDS/Temperature meter and a Hanna H9143 Dissolved Oxygen meter. In addition, water samples were taken to the laboratory and analysed for total hardness, ammonium, nitrite, nitrate and phosphate in a Hanna HI83200 Multiparameter Photometer. Physical and chemical data are given in Table 2 .
Statistical analyses
Indirect ordination of the mayfly communities found at the 30 sites was performed using non-metric multidimensional scaling (NMDS). NMDS was calculated in WinKyst 1.0 (Šmilauer 2002) on a Bray-Curtis similarity matrix, based on an initial configuration generated by principal coordinate analysis. The plot was subsequently orientated us- 
Results
Species composition
Nineteen mayfly species were noted in the Pieniny Mts streams studied. The greatest number of mayfly species was noted in the Bia ly stream (18 species), and the least in the Lonny and Ociemny streams (7 and 6 species). Streams in the Sobczyński and Pieniński catchments had 11 mayfly species each, and the Macelowy stream had 14 species. The main dominants in the streams were Baetis alpinus, Baetis rhodani, Baetis muticus, Rhithrogena iridina and Ecdyonurus subalpinus (Table 3). These include mountain elements (B. alpinus, R. iridina) and species that are more widespread (B. rhodani, B. muticus), occurring in the Carpathian Mts at up to 900-1200 m a.s.l. Some species were noted at a limited number of sites, and in low numbers, e.g., Centroptilum luteolum, Ecdyonurus submontanus, Electrogena lateralis, Serratella ignita and Caenis beskidensis. E. submontanus and C. beskidensis, occurring at 250-800 m. a.s.l., are associated with small rivers at lower altitudes. C. luteolum, E. lateralis, and S. ignita are present in various types of running waters, at a wide range of elevations.
A non-metric multidimensional scaling performed on the Bray-Curtis matrix of similarity of 30 assemblages indicated high fit of assemblages on the first two dimensions (final stress = 0.10). The two first axes of the PCA explained 100 per cent of the total variance of similarity matrix. The first axis accounted for 78.6% of the total variance clearly divide assemblages from lower -anthropogenic and upper more natural parts of the streams (Fig. 2) .
Mayfly communities distribution and abiotic parameters
The main factors accounting for the description of the mayfly communities in the Pieniny region were those connected with human activity: stream regulation (R) and organic pollution (O) ( Table 4 ). Other significant factors are substrate type -pebble and gravel (PG), riparian vegetation -shrubs (S); and physiochemical parameters -pH and water temperature (T). The first two CCA axes described 41.8% variance of species data and 75.5% variance of species-environment relations (Fig. 3A) . Substrate type correlated positively (R = 0.81) while stream regulation (R) and organic pollution (O) correlated negatively (R1= -0.87, R2 = -0.58, respectively) with the first axis. Most of the mayfly species were concentrated on pebble and gravel sites, but E. lateralis and B. rhodani preferred more anthropogenic sites (Fig. 3A) . When we considered only undisturbed sites, the most significant factors were pH; substrate type -cobble (C), pebble and gravel (PG); distance from the source (Dis); current velocity (Vel); and riparian vegetation -shrubs (S) ( Table 4) . Also sig- A -all study sites included; B -only undisturbed sites included (for description of variables see Table 1 ). Step nificant were water temperature (T) and conductivity (Cond). The first two ordination axes described 42.1% variance of species data and 74.4% of the variance between species and environment. There were three groups of factors responsible for mayfly distribution (Fig. 3B) . The first group -presence of pebble and gravel, presence of shrubs, and increasing pH -correlated significantly with the first canonical axis (R1 = 0.81, R2 = 0.69, R3 = 0.45), describing most of the mayfly species variation (Fig. 3B ). Higher discharge and increasing velocity correlating negatively with the first axis (R1 = 0.71, R2 = 0.66) eliminated most of the species and provided better conditions for species specific to disturbed areas. The third group of environ- Fig. 4 . Variation of species composition in relation to environmental factors for mayfly communities: A -early spring; B -late spring; C -summer; D -autumn (for description of variables see Table 1 ).
mental factors, % of cobbles and temperature, correlated negatively with the second ordination axis (R1 = -0.57, R2 = -0.5) and creates favourable conditions for such species as C. beskidensis or Habrophlebia lauta (Fig. 3B ).
Seasonal response of mayfly communities to environmental factors CCA analysis of mayfly communities and environmental characteristics in different seasons of the year revealed high variation in occurrence of mayfly species depending on the season (Table 5) . Only in early spring and autumn did mayfly communities occur that were dependent on many environmental factors. The most significant environmental factors for early spring mayfly communities were phosphate (Phos); substrate typecobble (C) and pebble and gravel (PG); pH; distance from source (Dis); nitrite (NO 2 -N); and riparian vegetation -shrubs (S) and forest (F) ( Table 5 ). The first two axes describing 40% of species variance ordinated mayfly species into three main groups (Fig. 4A) . The first depended on higher discharge, the second relied on substrate and presence of shrubs, and the third correlated with pH and % of boulders and cobbles. During late spring and summer only a few factors described the variation in the mayfly communities: stream regulation (R) and shrubs (S) in late spring, and riparian vegetation -shrubs (S), forest (F) -and water depth (Dep) in summer (Table 5 , Figs 4B, C). Stabilization and differentiation of mayfly communities which were dependent on many environmental factors took place in autumn. The most significant factors for autumn mayfly com-munities were substrate type -cobble (C), pebble and gravel (PG) and boulder (B); altitude (Alt); stream regulation (R); riparian vegetation -grasses (G); and water conductivity (Cond) ( Table 5 , Fig. 4D ). The main factors responsible for describing most of the variation were large amounts of cobbles (C) and boulders (B) (weighted correlations with the first axis are R1 = 0.81, R2 = 0.6, respectively).
Habitat preferences of mayflies
In the mayfly communities it is possible to distinguish species occurring widely, at many sites, as well as species associated only with certain localities (Table 3) . B. alpinus was present at all 30 sites in the streams studied. B. rhodani and E. subalpinus were present at 28 sites. Two more species, A. muticus and R. iridina, were observed at fewer sites. A contrasting group was composed of species occurring at only a few sites (1-3). These include C. luteolum, E. submontanus, E. lateralis and C. beskidensis, which were noted at only a few sites in the lower course of the Bia ly stream. S. ignita was observed only in the Macelowy stream, at sites in the lower course. A separate group was composed of species present in a few communities in the study area. Examples of these are Rhithrogena carpatoalpina, Ecdyonurus carpathicus, Habrophlebia lauta, Ephemera danica and Ephemerella mucronata.
Discussion
Mayfly communities and environmental parameters Macroinvertebrate diversity has been shown to increase with stream size (Breitenmoser-Würsten & Sartori 1995; Heino et al. 2005; Paller et al. 2006) . The number of mayfly species noted in the streams of the Pieniny Mts is characteristic of headwater mountain streams in the rhithral zone. A maximum of 15-20 mayfly species can be expected in this type of stream (Bauernfeind & Moog 2000) . According to Sowa (1975) and Svitok (2006) the streams of the Pieniny Mts are located within two zones (Fig. 2) . Stream zone no 1 includes the initial reach of the stream (eucrenal-hypocrenal), whose sources are about 700 m a.s.l. Stream zone 2 begins 0.7-1.5 km from the sources, at 500-800 m a.s.l., and ends 2.5-9 km from the sources. Mayfly communities of the lower parts of the streams differ from those of the other catchment areas studied because of human activity, particularly stream regulation and organic pollution (Fig. 2 , Table 4). Mayflies are a highly sensitive group and react to any changes in the ecosystem, which is why they are often used in biomonitoring of running waters (Soldán et al. 1998 ). Only two species, E. lateralis and B. rhodani, show positive correlation with stream regulation and organic pollution (Fig. 3A) . Regulated reaches seem to be the best mesohabitat for E. lateralis, while B. rhodani is able to adapt to variable environmental conditions and can occur along virtually the entire course of the stream (Sowa 1975; Soldán et al. 1998) .
A significant factor for mayfly communities composition and relative abundance in the Pieniny Mountain sites and in the undisturbed sites was values of pH. This water parameter has been mentioned as one of the most important for macroinvertebrate communities (Zamora-Muńoz et al. 1993; Svitok 2006) , although some authors believe that only extreme pH values significantly affect Ephemeroptera (Soldán et al. 1998) . Substrate type was a significant parameter for mayfly communities both at all sites, undisturbed and disturbed. Substrate type is known to be one of the main factors influencing macroinvertebrate richness and community structure (Ward 1992; Townsend et al. 2003; Allan & Castillo 2007) . In the streams of the Pieniny Mts the proportion of gravel and cobble are most important for mayfly communities as it has been noted by the other studies (Füreder et al. 2002; Hieber et al. 2005; Effenberger et al. 2006) . Suitable substrate size determines the occurrence of particular mayfly species (Brittain 1982) . Cobble, pebble and gravel exhibit greater diversity of macroinvertebrate taxa and species than substrates with smaller particle size (Ward 1992) . Distance from source (Dis) and current velocity (Vel) were found to be significant factors for mayfly communities at undisturbed sites during the entire study period. Distance from source indirectly determines stream size and correlates with macroinvertebrate taxa richness (Lorenz et al. 2004) . In most mountain streams, macroinvertebrate diversity increases with stream size (Heino et al. 2005; Krno et al. 2007) . In this study stream size has also been shown to correlate positively with the number of Ephemeroptera, Plecoptera and Trichoptera species, in both undisturbed and disturbed localities (Paller et al. 2006 ). In the catchment areas studied in the Pieniny Mts, riparian vegetation was found to be significant for mayfly communities as well as in earlier investigations from the other regions (Townsend et al. 2003) . The presence of shrubs (S) and forest (F) on stream banks was significant for all sites, both undisturbed and disturbed, for the entire study period as well as for particular seasons. Riparian vegetation is vital for maintaining channel morphology and ensuring suitable water temperature and amount of light; it also forms a buffer area for the stream (Allan & Castillo 2007) . Moreover, it supplies nutrients and organic matter (litter and wood) to the stream ecosystem (Balestrini et al. 2004) , and thus has an important role in determining the trophic structure in the stream. Particular emphasis has been placed on the role of riparian vegetation in mountain streams in naturally forested catchments, where it is often the most important factor differentiating macroinvertebrate occurrence in the stream ( Vannote et al. 1980; Füreder et al. 2002; Krno et al. 2007 ).
The mayfly communities in the streams of the Pieniny Mts varied substantially in different seasons. Only in early spring and autumn were communities observed that were stable and dependent on many different environmental factors. Hieber et al. (2005) point out the considerable fluctuations in environmental factors, especially discharge, and the high degree of tur-bulence in the water flow in mountain streams. Discharge of high flow can undoubtedly be a factor contributing to natural disturbances for aquatic insects, and is negatively associated with taxa richness (Ward 1992; Effenberger et al. 2006) . It seems that the low degree of order in mayfly communities in late spring and summer is connected with frequent flooding and increased discharge resulting from melting snow, as well as from the high flows that occur frequently in summer in the Carpathians due to heavy rainfall. Such catastrophic flooding occurs in the Pieniny Mts from March to August, and the geological structure of the land, together with the geomorphology of the catchment area and streams, leads to high discharge (Kostarkiewicz 1982) . Krno et al. (2006 Krno et al. ( , 2007 observed an increase in discharge in Carpathian mountain streams in spring due to melting of the snow cover. This resulted in higher levels of phosphorus, leading to increased periphyton production. Thus the increase in phosphorus was the effect of natural process of eutrophication, not organic pollution. Higher levels of ammonium originating in the catchment were also observed. This is the effect of more intensive decomposition of organic matter rich in nitrogen compounds, which is washed out of the catchment area when the snow melts in spring. Krno (2007) demonstrates a connection between stabilization of stream conditions in autumn and stabilization of discharge. Kownacki et al. (1997) report an increase in phosphorus and nitrate concentrations in a small mountain stream in the Tatra Mts. The influence of phosphorus and nitrate on mayfly communities is also observed in the streams of the Pieniny Mts in early spring, while in autumn stabilization of communities follows stabilization of the bottom substrate, which results from stabilization of discharge.
Conclusions
Headwater streams of the Pieniny Mts have a distinctive habitats with well-preserved mayfly communities. Determination of stream characteristics in connection with mayfly communities makes is possible to estimate reference conditions for the type of stream found in the Pieniny Mts, which is important for biological conservation and biomonitoring.
